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In this work, we investigated the decays of the fully open-flavor tetraquark state X0(2900) which was ob-
served by the LHCb Collaboration very recently. Here, the X0(2900) was assigned as a S−wave D¯∗K∗ hadronic
molecule with I = 0, and the effective lagrangian approach was applied to estimate the partial decay widths.
Moreover, we also predicted the decay behaviors of the other unobserved XJ(J=1,2), which were the spin partners
of the X0(2900) in the S−wave D¯∗K∗ picture. It was pointed out that the X1 state with I = 0 was a broad state
with the width more than one hundred MeV, while another X2 state with I = 0 was a narrow state with the
width approaching half of that for the X0(2900). In addition, our results also showed that the D¯
∗K mode was
expected to be the dominant decay mode for both X1 and X2. Searching for those unobserved XJ(J=1,2) in the
future experiments might be helpful to understand the nature of X0(2900).
PACS numbers: 14.40.Pq, 13.20.Gd, 12.39.Fe
I. INTRODUCTION
Until now, the exotic family is no longer thin due to the
great efforts from the experimental side. Traces of their
existence have be found in B = 0 meson sector, baryon sector
as well as the B = 2 dibaryon sector, namely, the tetraquark
states, pentaquark states, and hexaquark states . The X(3872),
D∗
s0
(2317), Zc, Pc are the typical examples of the remarkable
exotic states (more information can be found in the review
papers [1–12]). Concerned to the constituent quarks, most of
the exotic states contain a pair of quark-antiquark, cc¯ or uu¯
for instance, which makes them hidden-flavor. Besides of the
hidden-flavor structure, the exotic states can be composed of
fully open-flavor quarks. The first fully open-flavor exotic
state, as well as the only one before September 2020, was
observed in the 2016 named X(5568)[13]. It was observed
by the D0 Collaboration and was expected to be consist of
b¯sud¯, which made it obviously exotic[13]. The X(5568) was
interesting and attracted a great attention for both experimen-
talists and theorists [2, 5, 6, 8, 9, 11, 12]. However, the later
negative results for the X(5568) from other collaborations
bogged down the interests of the study of fully open-flavor
states[14, 15].
The situation dramatically changed very recently, since the
LHCb Collaboration reported their first amplitude analysis of
the B+ → D+D−K+ process[16, 17] and where they have
to introduce one spin-0 X0(2900) state and another spin-1
X1(2900) in their model in order to describe the data. Their
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obtained resonance parameters were,
X0(2900) : M = 2866 ± 7 ± 2MeV, (1)
Γ = 57 ± 12 ± 4MeV,
and
X1(2900) : M = 2904 ± 5 ± 1MeV, (2)
Γ = 110 ± 11 ± 4MeV.
Their P parities were determined to be positive for the spin−0
state, and negative for the spin−1 state based on the D−K+
decay channel. Besides, the isospin I was still unknown,
while there were two possible assignments I = 0 and I = 1.
Therefore, the I(JP) quantum numbers of the X0(2900) and
X1(2900) were 0/1(0
+) and 0/1(1−), respectively.
It should be stressed that the D−K+ final state indicated
the exotic structure of the observed X0(2900) and X1(2900),
e.g., c¯ds¯u quark flavors. Therefore, the two resonances
were fully open-flavor states similar to the X(5568), and
unambiguously differed from the conventional hadrons.
Those exotic states have been explained as the tetraquark
states. The hadronic molecules and compact tetraquarks are
two types of tetraquark states. In the former case, the four
quarks form two hadrons, which are bounded via the strong
interaction. In the later case, the quarks form a compact
structure. For the particular c¯ds¯u structure here, Ref. [18]
calculated its anti-particle in 2010, a bound D∗K¯∗ decaying
to DK¯ . The predicted mass, width and quantum numbers
were 2848MeV, 59MeV and I(JP) = 0(0+), respectively.
Morever, the authors of Ref. [19] also predicted a csu¯d¯ state
with the mass 2850MeV. Besides, the charmed partners of
the X(5568), whose structure were sud¯c¯, were predicted
[20, 21], however, the mass M = 2550MeV did not fit the
present observation.
2Stimulated by the observation of the X0(2900) and
X1(2900), many theoretical analyses of the two resonances
have been carried out by employing various approaches[22–
41]. Ref. [22] and [25, 31] interpreted the X0(2900) as the
compact tetraquark based on the constituent quark model and
QCD sum rules, respectively. Moreover, the X1(2900) was ex-
plained as the compact tetraquark state in Refs. [27, 31, 33, 34,
36, 39]. Applying the chromomagnetic interactions diquark
configuration model, the JP = 0+ resonance was also con-
sidered as a radial excited tetraquark, while the JP = 1− one
was assigned as an orbitally excited tetraquark[24]. However,
a calculation based on the extended relativized quark model
disfavored the tetraquark interpretation[28].
It should be mentioned that the hadronic molecules as-
signments were proposed[26, 27, 29, 30, 32, 34, 36, 39]. By
considering the JP quantum numbers and mass threshold,
the X0(2900) was explained as the S−wave D¯∗K∗ hadronic
molecule, while the X1(2900) was explained as the D¯1K[30]
and P−wave D¯∗K∗ hadronic molecules[29]. There was
also a negative results for the D¯1K molecule interpretation
for the X1(2900), where the author found that the potential
between D¯1K was too weak to form any bound state[41].
To explore the nature of the X0(2900) and X1(2900), the
production mechanism was also analysed[38]. In additions,
Ref. [23] considered the triangle singularity to be the origin
of X0(2900) and X1(2900).
Whether the X0(2900) and X1(2900) were compact
tetraquarks, hadronic molecules or due to kinetic effects
was unclear so far. In the present work, we followed the
S−wave D¯∗K∗ interpretation for the X0(2900) with isospin
I = 0 proposed in Ref. [26, 30, 32, 34] to investigate its
decay behaviors via the effective lagrangian approach. In
particular, in the S−wave D¯∗K∗ hadronic molecule scenario,
two spin partners of X0(2900) were predicted with J = 1 and
J = 2[30, 32, 34]. Here we would refer X1 and X2 to the
J = 1 and J = 2 states, respectively. One should note that
the X1 hereafter was not the X1(2900) in Eq. (2), while the X0
corresponding to the X0(2900) in Eq. (1). Within the same
molecule scenario, we also investigated the decay behaviors
of X1 and X2.
The present paper is assigned as follows. The effective la-
grangians and decays are given in the next section. Sec. III
shows our numerical results and discussion. The summary is
presented in the last section.
II. EFFECTIVE LAGRANGIANS AND DECAYS
The effective lagrangian approach was applied to estimate
the decays of experimental observed X0(2900) in the present
work, where it was considered as the S−wave D¯∗K∗ hadronic
molecules with the isospin I(X0) = 0. Besides, the decays of
the predicted XJ(J=1,2), being the spin partners of the X0(2900)
in the S−wave D¯∗K∗ picture, were also investigated, where
two possible isospins I(XJ(J=1,2)) = 0 and I(XJ(J=1,2)) = 1 were
adopted for our analyses.
We firstly constructed the effective lagrangians describing
the interaction between the molecular state and its compo-
nents,
LX0(x) = gX0X1(x)
∫
dyΦ(y2)
[
D∗−µ(x + ωK∗ D¯∗y)K
∗+
µ (x − ωD¯∗K∗y) − D¯∗0µ(x + ωK∗D¯y)K∗0µ (x − ωD¯∗K∗y)
]
+ H.C., (3)
LX1(x) = igX1ǫµναβ∂µXν1(x)
∫
dyΦ(y2)
[
D∗−α(x + ωK∗ D¯∗y)K
∗+β(x − ωD¯∗K∗y) ± D¯∗0α(x + ωK∗D¯y)K∗0β(x − ωD¯∗K∗y)
]
+ H.C., (4)
LX2(x) = gX2Xµν2 (x)
∫
dyΦ(y2)
[
D∗−µ (x + ωK∗D¯∗y)K
∗+
ν (x − ωD¯∗K∗y) ± D¯∗0µ (x + ωK∗ D¯y)K∗0ν (x − ωD¯∗K∗y)
]
+ H.C., (5)
where the ± corresponding to XJ(J=1,2) states with I = 1
and I = 0, respectively. The coupling constant gXJ(J=,0,1,2)
can be determined by the compositeness condition[42–44].
The ωAB = mA/(mA + mB), the correlation function Φ(y
2)
carries the distribution information of the components in
the hadronic molecule. Within the Fourier transformation,
Φ(y2) =
∫
d4p/(2π)4e−ipyΦ˜(−p2). It should be mentioned
that the Gaussian form Φ˜(p2
E
) = exp(−p2
E
/Λ2) was widely
used to estimate the decays of hadronic molecules [42–47]. In
Eqs. (3)-(5), the Λ is the model parameter related to the size
of the hadronic molecule.
Considering the two-body decays, the X0 can decay to D¯K,
the X1 can decay to D¯
∗K and D¯K∗, and X2 can decay to D¯K,
D¯∗K and D¯K∗. These transitions occured via the triangle dia-
grams (presented in Fig. 1), where the hadronic molecule and
the final state are connected through the D¯∗ and K∗ by ex-
changing a proper hadrons. Here, the exchanged hadrons can
be either pseudoscalar meson and vector meson, including
P : π, η, η′,
V : ρ, ω.
(6)
As we can see from the Fig. 1, the effective lagrangians
describing the interaction between the charmed (strange)
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FIG. 1: Diagrams contributing to the processes XJ(J=0,1,2) → D(∗)−K(∗)+. Diagram (a) corresponding to the transition from X0 to D¯−K−.
Diagram (b)-(c) corresponding to the transition from X1 to D¯
∗−K+ and D¯−K∗+. Diagram (a)-(c) corresponding to the transitions from X2 to
D¯−K+, D¯∗−K+ and D¯−K∗+. The P and V stood for the exchanged pseudoscalar mesons and vector mesons, respectively, including the π0, η,
η′, ρ0 and ω. Besides, three additional diagrams with the intermediate D¯∗0K∗0 were not presented here, which also contributed to the process
XJ(J=0,1,2) → D(∗)−K(∗)+ and were considered in the calculation.
mesons and exchanged hadrons were essential[48, 49],
LD∗DP = igD∗DP(D∗µ∂µPD¯ − D∂µPD¯∗µ), (7)
LD∗D∗P = −gD∗D∗Pǫµναβ∂µD∗νP∂αD¯∗β, (8)
LD∗DV = −gD∗DVǫµναβD∂µVν∂αD¯∗β + H.C., (9)
LD∗D∗V = igD∗D∗V [D∗µ(∂µD¯∗νVν − ∂µVνD¯∗ν)
+ (D∗ν∂
µVν − ∂µD∗νVν)D¯∗µ
+ (∂µD
∗νVµD¯∗ν − D∗νVµ∂µD¯∗ν)
]
, (10)
LK∗KP = −igK∗KP(K¯∂µP − ∂µK¯P)K∗µ + H.C., (11)
LK∗K∗P = −gK∗K∗Pǫµναβ∂αK¯∗βP∂µK∗ν , (12)
LK∗KV = −gK∗KVǫητρσ∂ρK¯∗σ∂ηVτK + H.C., (13)
LK∗K∗V = −igK∗K∗V
[
(∂µK¯∗νV
ν − K¯∗ν∂µVν)K∗µ
+ K¯∗µ(∂
µVνK∗ν − Vν∂µK∗ν )
+ (K¯∗νV
µ∂µK
∗ν − ∂µK¯∗νVµK∗ν)
]
, (14)
where the doublets D(∗) and D¯(∗) are,
D(∗) = (D(∗)0, D(∗)+), D¯(∗) =
(
D¯(∗)0
D(∗)−
)
, (15)
The P stands for pi, η and η′, where
pi =
(
π0
√
2π+√
2π− −π0
)
, (16)
and the vector meson V can be ρ, ω, where
pi =
(
ρ0
√
2ρ+√
2ρ− −ρ0
)
. (17)
In our numerical calculations, we simple employ the coupling
constants gD∗Dπ = 12.2, which was estimated via the exper-
imental measured decay width of process D∗ → Dπ[50].
The gD∗D∗π = 11.9 was from the Ref. [49]. Applying the
VMD method to the process D∗ → Dγ, one can obtain the
gD∗Dρ = 2.82[49]. The gD∗D∗ρ = 2.52 was determined by the
same VMD method[48, 49]. In addition, the coupling con-
stants gK∗Kπ = 3.12 was determined via the experimentalmea-
sured decay width of the process K∗ → Kπ[51]. Moreover,
the gK∗Kπ, gK∗K∗π, gK∗Kρ, and gK∗K∗ρ can be related via a gauge
coupling g,
gK∗Kπ =
1
4
g, gK∗K∗π =
1
4
g2Nc
16π2Fπ
, (18)
gK∗Kρ =
1
4
g2Nc
16π2Fπ
, gK∗K∗ρ =
1
4
g, (19)
where Nc = 3 is the number of the quark color, Fπ = 132MeV
is the decay constant of the pion. Other coupling constants
concerned to the η(′) and ω can be obtained via the S U(3)
symmetry.
In terms of the effective lagrangians already given above,
we can write out the Feynman amplitudes of the diagrams in
Fig. 1. As for the process X0 → D−K+ [Fig. 1-(a)], we have
MPX0→D−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX0
]
×[igD∗DP(iqµ)][ − igK∗KP(−iqν − ipν4)]
×−g
φµ + p
φ
1
p
µ
1
/m2
1
p2
1
− m2
1
−gφν + p2φp2ν/m22
p2
2
− m2
2
× 1
q2 − m2q
F 2(mq,Λ1), (20)
MVX0→D−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX0
]
×[gD∗DVǫµναβ(iqµ)(−ipα1 )][ − gK∗KV
×ǫητρσ(−iqη)(−ipρ2)
]−gφβ + pφ1 pβ1/m21
p2
1
− m2
1
×
−gσφ + p2φpσ2 /m22
p2
2
− m2
2
−gτν + qτqν/m2q
q2 − m2q
×F 2(mq,Λ1), (21)
where the ω12 = m1/(m1+m2), theMPX0→D−K+ andMVX0→D−K+
are the Feynman amplitudes for the transition from X0 to
D−K+ with the exchanging pseudoscalar mesons (π0, η, η′)
and vector mesons (ρ0, ω), respectively. The mass of the ex-
change meson is mq. Here, a phenomenological form factor
was introduced to represent the off-shell effect of the coupling
constant, and we selected a dipole form factor[52],
F 2(mq,Λ1) = (
m2q − Λ21
q2 − Λ2
1
)2. (22)
4Other two diagrams with the D¯∗0K∗0 intermediate states, in
which the exchanged states are π− and ρ−, also contribute to
the process X0 → D−K+, we can obtain the corresponding
Feynman amplitude via the isospin symmetry,
Aπ−X0→D−K+ = −2Mπ
0
X0→D−K+ , (23)
Aρ−
X0→D−K+ = −2M
ρ0
X0→D−K+ . (24)
Similarly, we can write out the Feynman amplitudes for the
processes X1 → D∗−K+, X1 → D−K∗, X2 → D−K, X2 →
D∗−K+, and X2 → D−K∗+. The detailed expressions were
presented in the Appendix.
Now, the total contributions of the processes XJ(J=0,1,2) →
D(∗)−K(∗)+ were,
Mtot
XJ(J=0,1,2)→D(∗)−K(∗)+ = M
π0 +Mη +Mη′ +Mρ0
+Mω ± (Aπ− +Aρ− ), (25)
where in the right side the lower index XJ(J=0,1,2) → D(∗)−K(∗)+
of M was ignored, the ± corresponding to I = 0 and I = 1
cases, respectively. Finally, we can derive the partial decay
widths of the processes XJ(J=0,1,2) → D(∗)−K(∗)+,
Γ(XJ(J=0,1,2) → D(∗)−K(∗)+) = 1
2J + 1
1
8π
|~p|
M2
×|M¯tot
XJ(J=0,1,2)→D(∗)−K(∗)+ |
2, (26)
where the J and M are the angular momentum and mass of
the initial state, respectively, |~p| is the three-momentum of the
final state in the rest frame of the initial state, the overline
represents the sum of the polarization for the initial and final
states.
In terms of the isospin symmetry, the partial decay width of
the D¯(∗)0K(∗)0 is the same as the D(∗)−K(∗)+ mode. Therefore,
Γ(XJ(J=0,1,2) → D¯(∗)K(∗))
= Γ(XJ(J=0,1,2) → D(∗)−K(∗)+) + Γ(XJ(J=0,1,2) → D¯(∗)0K(∗)0)
= 2Γ(XJ(J=0,1,2) → D(∗)−K(∗)+). (27)
III. NUMERICAL RESULTS AND DISCUSSION
In Fig. 2, the numerical results of partial decay width for
X0 → D¯K process were presented, where the Λ and Λ1 were
the two parameters in our present approach. Since they can-
not be determined by the first principle, the experimental data
is usually applied to constrain them. Assuming that the par-
tial decay width of D¯K mode was the experimental measured
total decay width of X0 resonance, then, the parameters can
be constrained via the experimental measured data. On the
other hand, we attempted to constrain the parameters within
the range 0.5 − 1.5GeV, while other regions for the cut-off
parameters seem unreasonable. The solid line in Fig. 2 corre-
sponding to the center value of the experimental measured X0
decay width, which is Γ(X0) = 57MeV. Based on this line, a
series sets of parameters can be determined, here, we gave ser-
val typical values of the constrained parameter. For Λ = 0.8,
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FIG. 2: The partial decay width of the X0 → D¯K with the variation
of the parameters Λ and Λ1, . The solid line corresponding to the
center value of the experimental measured decay width of X0[17].
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FIG. 3: The partial decay widths of the X1 → D¯∗K and X1 → D¯K∗
processes with the constrained parameters. The left column corre-
sponding to the results with I(X1) = 0 and the right column was the
results with I(X1) = 1.
0.9, 1.0, 1.1, 1.2 and 1.3GeV, the corresponding Λ1 are 1.41,
1.31, 1.24, 1.18, 1.14, 1.11 and 1.08GeV, respectively.
The above typical values of parameters were applied to
predict the decay properties of the X1 and X2, the two spin
partners of X0(2900). Here, both the masses of the X1 and
X2 were assigned to be 2866MeV, which were predicted in
Ref. [32]. In Fig. 3, the numerical results of partial de-
cay widths for the X1 → D¯∗K and X1 → D¯K∗ processes
were presented. For the I(X1) = 0 case, we found that
Γ(X1 → D¯∗K) varied from 123.6MeV to 101.0MeV within
the constrained parameters, which weakly depended to the
parameters. The partial decay width for another D¯K∗ mode
varied from 16.4MeV to 14.7MeV. The numerical results for
I(X1) = 1 case were much smaller compared to those for
I(X1) = 0 case, where the partial decay widths for the D¯
∗K
5and D¯K∗ were 19.2− 15.9MeV and 4.01− 2.75MeV, respec-
tively. It could be concluded that for the both two cases, the
D¯∗K mode was the dominant decay mode. Besides, we also
found that the X1 with I = 0 was a broad state since the corre-
sponding estimated width was more than 100MeV.
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FIG. 4: The partial decay widths of the transitions from X2 to D¯K,
D¯∗K and D¯K∗ with the constrained parameters. The left column cor-
responding to the results with I(X2) = 0 and the right column was
the results with I(X2) = 1.
As for another X2 state, the numerical results of its par-
tial decay widths were presented in the Fig. 4. One can find
that the D¯∗K mode was the dominant decay mode both for
the I(X2) = 0 and I(X2) = 1 cases, the corresponding par-
tial decay widths in the constrained parameter range were
19.7−10.4MeV for the I(X2) = 0 case and 3.56 − 1.54MeV
for the I(X2) = 1 case. Compared to the D¯
∗K mode, the
partial decay width for the D¯K∗ mode was expected to be,
at least, one order of magnitude smaller. In particular, the
Γ(X2 → D¯K∗) was 0.649 − 0.385MeV for the I(X2) = 0 case
and 0.0921 − 0.0507MeV for I(X2) = 1 case. Besides of the
D¯∗K and D¯K∗ mode, the X2 can also decay to the D¯K, which
was the channel that X0 observed in. The corresponding par-
tial width was 4.06 − 2.09MeV for the I(X2) = 0 case, and
0.692 − 0.296MeV for the I(X2) = 1 case. Similar to the X1
case, the partial decay widths for the X2 state with I = 0 was
much larger than that that with I = 1.
TABLE I: Predicted partial decay widths for the X1 and X2. The
results were based on the typical values of parameters Λ = 1.0GeV,
Λ1 = 1.24GeV.
Partial Decay Width (MeV)
X1 X2
I = 0 I = 1 I = 0 I = 1
Γ(D¯K) - - 3.15 0.485
Γ(D¯∗K) 115 18.2 15.4 2.51
Γ(D¯K∗) 16.3 3.58 0.528 0.0718
Based on the above analyses, it was found that the pre-
dicted results depended weakly to the parameters. Therefore,
in Tab. I, we also summarized our predictions for the par-
tial decay widths of X1 and X2 with the typical parameters
Λ = 1.0GeV and Λ1 = 1.24GeV.
IV. SUMMARY
In the present work, we investigated the decay behaviors of
X0(2900) in the S−wave D¯∗K∗ scenario with the isospin I = 0.
With the help of the effective lagrangian approach, the contri-
butions from the triangle diagrams were estimated. Moreover,
in order to represent the off-shell effect of the coupling con-
stants, a phenomenological form factor was considered. The
obtained partial decay width for the X0 → D¯K process was in
agreement with the experimental data with the model param-
eters Λ and Λ1 that were selected to be around 1GeV.
Within the constrained model parameters, we further cal-
culated the decay behaviors of another two S−wave D¯∗K∗
hadronic molecules X1 and X2, where both the I = 0 and I = 1
cases were taken into account. The X1 can decay to D¯
∗K and
D¯K∗, and the X2 can decay to D¯K, D¯∗K and D¯K∗. In the con-
strained parameter ranges, the partial decay widths for the X1
state with I = 0 were,
Γ(X1 → D¯∗K) = 124 − 101MeV, (28)
Γ(X1 → D¯K∗) = 16.4 − 14.7MeV. (29)
and for the X2 state with I = 0,
Γ(X2 → D¯K) = 4.06 − 2.09MeV, (30)
Γ(X2 → D¯∗K) = 19.8 − 10.4MeV, (31)
Γ(X2 → D¯K∗) = 0.649 − 0.385MeV. (32)
Besides, we got that the partial decay width for the I = 1 states
were almost one-senventh of that for I = 0. We concluded that
the X1 state with I = 0 was a broad state with the width more
than 100MeV, while others were narrow state. Both for the X1
and X2 state, the D¯
∗K mode was the dominant decay mode.
Finally, the observation of the X0(2900) opened a new area
for the fully open multi-quark states. The inner structure of
the X0(2900) is still controversial. It is valuable to determine
the isospin number of X0(2900) experimentally. Meanwhile,
searching for its spin partners and the flavor partners can also
help us to understand the nature of X0(2900). We hoped that
more progress can be carried out in the near future.
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6Appendix A: The amplitudes of the transition from the XJ(J=1,2)
to D¯(∗)K(∗)
The diagrams contributing to the process XJ(J=1,2) to
D¯(∗)K(∗) were presented in Fig. 1, we can write out the corre-
sponding Feynman amplitudes. For the X1 → D∗−K+ process,
MPX1→D∗−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX1ǫκλγθ(−ipκ)
×ǫλ(p1)
][
gD∗D∗Pǫµναβ(ip
µ
3
)(−ipα1 )ǫν(p3)
]
×[ − igK∗KP(−iqφ − ip4φ)]−g
γβ + p
γ
1
p
β
1
/m2
1
p2
1
− m2
1
×−g
θφ + pθ
2
p
φ
2
/m2
2
p2
2
− m2
2
1
q2 − m2q
×F 2(mq,Λ1), (A1)
MVX1→D∗−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX1ǫκλγθ(−ipκ)
×ǫλ(p1)
]{ − igD∗D∗V [(−ipτ1)gηρ − (iqτ)gρη
+(iqη)gτρ − (ipη
3
)gτρ + (ip
ρ
3
)gτη − (ipρ
1
)gητ
]
×ǫτ(p3)
}[ − gK∗KVǫµναβ(−iqµ)(−ipα2 )]
×−g
γ
η + p
γ
1
p1η/m
2
1
p2
1
− m2
1
−gθβ + pθ
2
p
β
2
/m2
2
p2
2
− m2
2
×
−gνρ + qρqν/m2q
q2 − m2q
F 2(mq,Λ1). (A2)
For the X1 → D−K∗+ process,
MPX1→D−K∗+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX1ǫκλγθ(−ipκ)
×ǫλ(p1)
][
igD∗DP(iqµ)
][ − gK∗K∗Pǫητρσ
×(−ipη
2
)(ip
ρ
4
)ǫσ(p4)
]−gγµ + pγ1pµ1/m21
p2
1
− m2
1
×−g
θτ + pθ
2
pτ
2
/m2
2
p2
2
− m2
2
1
q2 − m2q
×F 2(mq,Λ1), (A3)
MVX1→D−K∗+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX1ǫκλγθ(−ipκ)
×ǫλ(p1)
][
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×−g
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γ
1
p
β
1
/m2
1
p2
1
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1
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p2
2
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2
×
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F 2(mq,Λ1). (A4)
For the X2 → D−K+ process,
MPX2→D−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX2ǫκλ(p)
]
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MVX2→D−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX2ǫκλ(p)
]
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2
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2
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×F 2(mq,Λ1). (A6)
For the X2 → D∗−K+ process,
MPX2→D∗−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX2ǫκλ(p)
]
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MVX2→D∗−K+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX2ǫκλ(p)
]
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7For the process X2 → D−K∗+
MPX2→D−K∗+ =
∫
d4q
(2π)4
Φ˜
[
(p1 − w12p)2
][ 1√
2
gX2ǫκλ(p)
]
×[igD∗DP(iqµ)][ − gK∗K∗Pǫητρσ
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2
)(ip
ρ
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∫
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